dendron obtained when the cleavage reaction of the complexes of aryl ethers is carried out in the presence of allyl bromide. During this reaction that is carried out without addition of a salt, it is the in situ formation of KBr during the three deprotonation-allylation sequences that further facilitates the crucial aryl ether cleavage at low temperature.
Introduction
There has been considerable interest for the potential of anionic reagents to serve as bases and nucleophiles, 1 and the role of ion-pairing, 2 salts 3 and solvents 4 has been shown to be essential.
Potassium tert-butoxide has been found in the early 1960's to be an efficient base in DMSO, 5 and the cation effect was recognized in these early days. 6 Potassium tert-butoxide subsequently became a popular reagent that is used by everyone as a convenient base whose properties are seemingly well known. 7 Its reactivity is not only that of a base, however, but it is multifold. For instance, its nucleophilic character can sometimes be expressed, as for instance in the presence of 18-crown-6 ether that segregates the potassium cation, providing an enhanced reactivity of the anion. 8 Nevertheless, potassium tert-butoxide is little known as a nucleophile despite these seminal studies.
We have extensively used potassium tert-butoxide as a base together with an organic halide for the CpFe + -induced perfunctionnalization of polymethylbenzene. This set of reactions opened the route to stars and dendritic cores. For instance, in this way, hexamethylbenzene leads, with R = allyl, to either hexabutenylbenzene under ambient conditions (eq. 1) 9 or a dodecallyl arene in one pot, 10 whereas mesitylene leads to nona-allylation also under ambient conditions in a one-pot reaction (eq.2). This latter reaction is the most commonly used one in our laboratory, as it is so easy and convenient to carry out on a large scale either using potassium tert-butoxide or potassium hydroxide. The nona-allyl aromatic obtained can be hydroborated 9 or hydrosilylated 9,11 for further dendrimer construction using a phenoltriallyl brick (dendron A in Scheme 1) 12 that allows multiplying the number of branches by three at each dendritic generation. The largest dendrimers known have been built in this way and characterized until the 9 th generation bearing a theoretical number of 3 11 branches, 11 for the first time far beyond the de Gennes "dense-packing" limit 13 (Scheme 1). Thus, the production of the phenoltriallyl brick that is standard is crucial. It is carried out in a one-pot reaction from the cationic 18-electron d 6 Fe II complex of an aryl ether such as paraethoxytoluene and involves eight steps using potassium tert-butoxide and allyl bromide in THF, including the cleavage of the arylether complex (Scheme 2). Note the multiple roles of potassium tert-butoxide in this complex reaction: first as a base to deprotonate the iron complex in benzylic position, then for the cleavage of the aryl ether in the complex, then finally in the decomplexation reaction providing the desired free phenoltriallyl brick A. 
Scheme 2
We now report studies showing that the cleavage of this aryl ether complex is a nucleophilic substitution reaction of potassium tert-butoxide, and we examine the influence of the medium on this reaction, in particular that of salts.
Results

a)
Synthesis of dendron A, p.HOC 6 H 4 C(CH 2 CH=CH 2 ) 3 As we have already reported, 10,11 the reaction shown in Scheme 2 proceeds between -50°C and room temperature, and the best yields in the synthesis of dendron A are around 60%. The same reaction can be carried out for other aryl ether complexes with and without methyl group in para position on the arene ligand under conditions that we are describing and scrutinizing in the present article. The methyl group in para position serves as a source of triallyl tripod in order to multiply the number of branches of the dendrimers from one generation to the next. 0°C and rapidly lead to decomplexation, yielding 9, at this temperature (the exocyclic heteroatom is a potential monodentate σ ligand, and σ coordination is a strong additional driving force for the decomplexation of the 19-electron π complex). 17 Indeed, the forest-green solution of 8 obtained in the present case turns black below room temperature (due to the formation of Fe 0 precipitate) and also leads to complete decomplexation observed after extraction at ambient temperature (Scheme 4). 6 ] or other salts and study of the influence of the nature of the salt. These reactions were carried out exactly in the same conditions with the same aryl ether complex as above at -50°C, i.e. under the conditions leading to the formation of the chargetransfer complex, then to the electron-transfer product, but now in the presence of a salt whose nature was varied. As in the case of the study of the cleavage of the aryl ether in the parent complex, the cleavage by t-BuOK only occurs in the presence of a salt, and the nature of the added salt is important in determining the proportion of cleaved product. The salt that is the most favorable for the cleavage is [n-Bu 4 N][PF 6 ]; this salt was already very favorable for the cleavage of the parent aryl ether complex, and the results with various salts are gathered in Table 1 and Scheme 5. All the salts used lead to some cleavage whose amount varies with the nature of the salt. Even NaCl induces cleavage, although the size increase of the anion of the salt improves cleavage. Scheme 5
Discussion
Cleavage of aryl ethers
The cleavage of aryl ethers under acidic conditions is well documented. 18 On the other hand, it is extremely difficult under basic conditions, requiring temperatures around 200°C with very low reaction yields, 19 except if strong electron-withdrawing nitro groups are present on the arene. 20 Aromatic nucleophilic substitution reactions are also strongly favored when the aromatic is coordinated as a π-hexahapto ligand to 12-electron organometallic groups. Nucleophilic reactions are all the easier as the 12-electron organometallic moiety is more electron withdrawing (Cr(CO) 3 < (FeCp) + < Mn(CO) 3 + ). [20] [21] [22] The CpFe + fragment is excellent for this purpose, because its cationic form provides a strong activation, and these 18-electron complexes 
Scheme 6
The nucleophilic substitution is considerably easier in the cationic iron aryl ether complex than in the free organic ligand, as can be seen from the mesomeric oxenium form drawn in Scheme 3. The reaction between the THF-soluble contact ion pair [n-Bu 4 6 ], but the difference of cleavage yields in the presence of these salts (42 vs. 61%) is not so considerable. Moreover, the influence of the concentration of KBr was studied by using respectively ten times less KBr (0.11 equiv.) and 10 times more equiv. KBr (10.0 equiv.) than the amount of t-BuOK. It was found that the amount of nucleophilic C-O cleavage indeed significantly increases from 24% with 0.11 equiv. KBr to 39% with 1.1 equiv. KBr (standard conditions) and to 42% with 10 equiv. KBr. It is noteworthy that the cation of this salt, K + , now is the same as that of the initial reagent t-BuOK, and thus the cation effect can no longer be invoked at this time to rationalize the improved nucleophilic property of t-BuO Table 1 ).
Nucleophilic C-O cleavage in the course of the perallylation reaction using t-BuOK and allylbromide
When the para methyl group is present on the aryl ether ligand, the reaction with t-BuOK and allyl bromide yielding the phenoltriallyl brick is much more complex (8 steps), as shown in Scheme 2, and it is not necessary to introduce a salt at the very start of the reaction. Under these conditions, the multiple benzylic deprotonation-nucleophilic substitution steps (first set of steps of Scheme 2) by t-BuOK yield t-BuOH and KBr. In particular, KBr is produced after nucleophilic substitution of the bromide in allylbromide by the organoiron carbanion resulting from each deprotonation step. Thus, the favorable salt effect of KBr polarizing the C-O bond and facilitating its nucleophilic cleavage by t-BuOK is present. In addition, much more t-BuOK is required to carry out the synthesis of the phenoltriallyl brick (cleavage + perallylation) than only to cleave the aryl ether. Indeed, in the dendron synthesis, three deprotonation steps, the nucleophilic cleavage, and the final decomplexation are all using t-BuOK. In addition, these deprotonation steps are producing substantial amounts of t-BuOH, which makes the solvent mixture more polar, favoring the polarization of the C-O bond by the Br-anion or/and KBr. The composition of the medium (including t-BuOH and excess allylbromide and t-BuOK) also favors the solubility of these ionic reactants (that are little soluble in THF alone) and thus their polarizing action and reactivity. Finally, in the case of Scheme 2 for which the desired cleaved tripodal phenol is awaited, the heterolytic cleavage is facilitated by the increased reactivity of the iron complex due to the presence of the tripod -C(CH 2 CH=CH 2 ) 3 in para position (compared to the parent complex 5 in Scheme 3). This large organic group is both solubilizing the complex in THF and enhancing the reactivity of its counter anion because of its larger size compared to the parent complex that does not bear this bulky group. In this case, the large organoiron cation can itself play the role of the large counter cation of t-BuO -(see the formation of 11 in Scheme 5), i.e. the role of n-Bu 4 N + , the most favorable cation for aryl ether cleavage in the salt effect study (entry 16).
Salt effect: comparison of various salts
The influence of the other salts in table I is intermediate and in accord with the respective Lewisacid properties 24 of the ions that have been well recognized and studied in ion-pairing and salt effects:
The cesium salts (entries 9 to 12) lead to decomplexation. This can be taken into account by the Lewis-acid character of the cesium cation favoring the dissociation of t-BuOK without facilitating the polarization of the aryl ether. Also, cesium salts often are dissociated, thus may not disrupt the ion pair [ 6 ]. The way to yield this organic dendron A from its iron complex precursor 3 is to add t-BuOK alone in a last step in the one-pot reaction before extraction. In this way, the last step of Scheme 2 is fulfilled. When t-BuOK cannot react as a base (step 1), it can reacts as a nucleophile in the presence of a suitable salt (step 2), and when it can no longer act as a nucleophile, its last possibly as a high-energy reagent is to act as an electron-transfer reagent (step 3). The present study is most useful to understand the overall Scheme 2 that gathers these three successive roles of t-BuOK and to help us optimize the reaction conditions of this complex multi-step one-pot key synthesis. In particular, the electrontransfer reaction (leading to decomplexation without cleavage) is preferred to the nucleophilic C-O bond cleavage in the absence of a salt, as shown in Schemes 4 and 8 (even at low temperature), which still emphasizes the crucial importance of optimizing the favorable salt effect in order to efficiently carry out the nucleophilic C-O bond cleavage at low temperature (Scheme 8). , is believed to be responsible for the desired nucleophilic substitution reaction. This conclusion can be compared to Gokel's work which had shown that the presence of 18-crown-6 rendered potassium tert-butoxide relatively nucleophilic in THF. 8 In the synthesis of the phenoltriallyl dendron A (Scheme 2), a complex 8-step reaction, it is not necessary to add a salt. The first reason is that KBr is generated in situ. It is also efficient in the cleavage reaction of the parent arylether, although not quite as much as [n-Bu 4 N][PF 6 ]. The effect of Br -or KBr that polarizes the C-O bond, favoring its cleavage, was demonstrated. The second reason is that the bulky lipophilic group C(CH 2 CH=CH 2 ) 3 , that is constructed in para position of the arene as the deprotonation-allylation reaction proceeds, favors the subsequent nucleophilic reactivity of t-BuO -by both solubilizing the ion pairs of the organoiron cation and by making this organoiron cation larger.
In conclusion, potassium tert-butoxide is not a nucleophile in THF per se, but the anion tBuO -provided by potassium tert-butoxide can be rendered nucleophilic by association with large solubilizing counter cations subsequent to ion exchange among ion pairs. This was demonstrated in the present work using salt and substituent effects in the nucleophilic C-O cleavage of CpFe + complexes of aryl ethers providing CpFe + complexes of phenolates, and in particular a phenoltriallyl dendron A that is a crucial brick in giant dendrimer synthesis and molecular nanoscience (Scheme 1).
Experimental Section
General Procedures. The NMR spectra were recorded with a Bruker AC-250 FT apparatus ( 1 H: 250 MHz; 13 C: 62 MHz). Reaction mixtures were treated by flash chromatography with neutral activated alumina Prolabo 50-160 µm or Fluka 100-125 µm. with a slightly positive pressure. Pentane and ether were dried over sodium using the sodium benzophenone ketyl as the indicator. Dichloromethane was dried over CaH 2 , and THF was dried over LiAlH 4 . The solvents were distilled just before use over these drying agents under argon. Reactions were carried out in Schlenk tubes under argon in the dark. were successively added at -20°C , and the reaction medium was stirred for three days at ambient temperature. This operation was then carried out once more, then solvent was removed under vacuum, the residue was mixed with 10 mL dichloromethane, this mixture was filtered, the organic filtrate was washed with aq. HPF 6 , the organic layer was decanted and dried over Na 2 SO 4 , filtered and the solvent was removed under vacuum. The residue was washed by stirring with 3 x 10 mL pentane, and the remaining solid residue was chromatographied on an alumina column using dichloromethane as eluant, which yielded 0. 6 ], 6 (0.534 g, 1 mmol) and t-BuOK (0.123 g, 1.1 mmol) were introduced in a flamed Schlenk tube and deaerated, then 10 mL THF was added at -50°C, and the reaction medium became deep-purple and was stirred for 2h at -50°C, then 2 mL of a diluted aqueous solution of HPF 6 was added at -50°C, and the reaction mixture was allowed to warm up to room temperature. Dichloromethane (20 mL) was added, the organic phase was separated, washed with water, dried over Na 2 SO 4 , filtered, which gives the complete recovery of the starting complex as a yellow-brown powder (0.534 g, 100% mmol of a salt MX (see Table 1 ) and t-BuOK (0.123 g, 1.1 mmol) were introduced in a flamed Schlenk tube and deaerated, then 10 mL THF was added at -50°C, and the reaction medium was warmed up and stirred for one day at room temperature. The solvent was removed under vacuum, dichloromethane (20 mL) was added, and the resulting mixture was filtered. Then, 2 mL of a diluted aqueous solution of HPF 6 was added to the filtrate, the organic phase was separated, washed with water, dried over Na 2 SO 4 , and filtered. The solvent was removed under vacuum, and the residue was chromatographied on an alumina column. Elution using pentane yielded the free aromatic decomplexation product product p.C(CH 2 CH=CH 2 ) 3 C 6 H 4 OCH 2 CH=CH 2 9, as an oil, then elution with dichloromethane gave the starting complex as a yellow-brown powder, and finally elution with methanol yielded the zwitterionic phenolate complex A resulting from C-O cleavage as a red resin (the compounds were characterized by 1 H NMR, vide supra, and the % obtained are given for the various salts in Table 1 ). In the case of the salt KBr, the effect of the concentration of this salt in the reaction was studied by varying the number of KBr equivalent from 0.11 to 1.1 (standard condition) and 10.0, the amounts of the other reactants being unchanged and indicated above. The % of cleaved phenolate complex and free aromatic resulting from decomplexation were respectively 24 and g, 1 mmol) and t-BuOK (0.123 g, 1.1 mmol) and allyl bromide (0.121 g; 1 mmol) were introduced in a flamed Schlenk tube and deaerated, then 10 mL THF was added at -50°C, and the reaction medium was allowed to slowly warm up (in 3hrs) to room temperature, nd stirred stirred for one day at this temperature. Then, it was colled down again to -50°C, and tBuOK (0.123 g, 1.1 mmol) and allyl bromide (0.121 g; 1 mmol) were added in 10 mL THF, and the reaction mixture was allowed to slowly warm up to room temperature. This operaration was repeated once more. Then, the mixture was allowed to warm up to room temperature, and the solvent was removed under vacuum. The residue was extracted with 10 mL ether after adition of 10 mL aq. HCl, the organic layer was dried over Na 2 SO 4 , and filtered and submitted to gas chromatograpy on a Hewlett Packard 5890 chromatograph equipped with a Restek Rtxr-1 (fused silica) 30 m-long column. 
